Hypertension has become an important public health problem for sub-Sahara Africa. In a previous nationwide study, we observed a high degree of geographical variation in the prevalence of diastolic hypertension. Geographical variation provides essential background information for the development of community randomised trials could suggest aetiological mechanisms, inform control strategies and prompt further research questions. We designed a follow-up study from the nine high-prevalence communities, and from 18 communities where hypertension was found least prevalent (controls). In each community, 50 households were
Introduction
Hypertension, once rare in traditional African societies, is rapidly becoming a major public health problem in sub-Sahara Africa (sSA). 1, 2 At present the prevalence of hypertension (blood pressure у160/95 mm Hg) in West Africa is estimated to be around 8% in rural areas and around 15 to 20% in urban areas among adults у25 years of age. 3 In The Gambia, recent studies found a nationwide prevalence of 9.5% (among adults Ͼ15 years of age), with a slightly higher prevalence in urban compared to rural areas. 4 Worldwide, hypertension is the most prevalent cardiovascular risk factor. Though not as common as in western societies, cardiovascular conditions impose a sizeable morbidity burden in sSA, notably in the form of stroke, renal failure and heart failure. 5 A recent study in Nigeria found an increased all-cause mortality risk among people with hypertension. 6 The development of hypertension and subsequent end organ damage depends on an interplay of genetic and environmental factors. Genetic susceptibility factors are estimated to contribute 25-30% to the pathogenesis of essential hypertension. 7 Recent increases in the prevalence of hypertension in sSA have been ascribed to environmental factors, which accompany the transition from a traditional to a more 'westernised' society. [8] [9] [10] Most cases of cardiovascular disease occur among the vast majority of those with low relative risk; 11 their absolute risk of cardiovascular morbidity and mortality is high. 12 Reducing the mean population blood pressure by as little as 2-3 mm Hg could greatly reduce associated morbidity. 13 The most costeffective approach in hypertension prevention may be the modification of risk factors (for example salt intake, obesity, physical inactivity) at population level. Potential interventions include health education campaigns and mass modification of diet. 14, 15 Randomised controlled trials are accepted as the 'gold standard' for determining the effect of health interventions. If this relates to prevention strategies that are best applied at population level, the unit of randomisation is not the individual but a whole community and effectiveness needs to be evaluated in a community randomised trial (CRT). 16 To circumvent a 'prevention paradox', 11,13 a population prevention strategy should be complimented by a high-risk strategy.
In a previous nationwide prevalence study in The Gambia a striking and unexpected observation was 'clustering' of diastolic hypertension in some com-Journal of Human Hypertension munities. 4 The objective of the present study was to determine if such a high degree of geographical variation in the prevalence of hypertension could be confirmed. If confirmed, this would suggest novel opportunities for control strategies and future research; while estimates of geographical variation between communities are essential in the design and analysis of CRTs.
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Methods
The Gambia
The Gambia is located on the West-African coast, stretched out along both sides of the river Gambia and extending about 400 km inland. During the 1993 census, the population was just over 1.03 million, growing at an annual rate of 4.2%; 44% of the population was below 15 years of age. Urban areas, defined according to accepted local definitions, account for 46% of the population.
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The 1996 nationwide study From January to March 1996, a nationwide rapid assessment of hypertension and related non-communicable diseases (NCDs) was conducted among 1% of the Gambian population, in conjunction with a national survey of blindness and low vision. In each of the selected communities, a random selection of compounds (a compound could consist of one or several households) was enrolled, until 200 participants per community (if available) were listed. Subjects above 15 years of age were screened for hypertension. Blood pressure (BP) was measured once. All persons with a diastolic BP Ͼ90 mm Hg were asked to return for a second measurement; where two measurements were available the lowest reading was used for analysis. In nine out of the 73 Figure 1 Map of The Gambia. Communities with high and low hypertension prevalence indicated.
participating communities (two urban, seven rural), the prevalence of diastolic hypertension was significantly above that in the whole population (P ϭ 0.008, Monte Carlo simulation analysis) (see map, Figure 1 ).
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The 1998 follow-up study Between January and March 1998, we conducted a cross-sectional follow-up study to verify this geographical variation in the prevalence of hypertension. We selected the nine high prevalence communities, as well as 18 communities (eight urban, 10 rural) where hypertension was at lowest prevalence in the original survey, to represent the two poles of the distribution. In each of these 27 communities, 50 households were randomly selected, and in each household a male and a (unrelated ϭ not a first-degree relative) female participant, 15 years or older, were selected in a standardised way to obtain a roughly similar sample size as in the 1996 study. In a stratified subsample (one in five) of households all adults present were screened. We will further refer to these households as 'complete households'. No detailed information on biological relationship between members of a household was available.
BP and pulse rate were measured on the left arm, as participants were seated with the arm at heart level, using an appropriately sized cuff and the same type of validated oscillometric automated digital BP machine (Omron HEM-705CP, Japan 19 ) as in the first study. A first measurement was used to familiarise participants with the procedure. After a minimum 5-min interval, during which time participants remained seated and a questionnaire was administered in an appropriate (local) language, BP was measured again twice. The mean of these latter two readings was used in analysis. 20, 21 Normotensive people who reported to be on antihypertensives, were not included in our definition, but are reported on separately, as we had no means of verifying these data.
Demographic data were recorded, as well as a medical history of hypertension of the participants and of family members. Weight was measured with electronic weighing scales (Seca 770, CMS, London, UK). Height was measured using standardised statometers. Skinfolds (triceps, subscapular and suprailiac) were measured using a calibrated skinfold meter (Harpenden, UK); hip and waist circumferences were measured in a standardised way using a plastic tape measure. Waist circumference was measured at expiration, with the tape passing midway between the costal margin and the iliac crest. Hip circumference was measured at the widest part (lower buttock level). For all anthropometric data, the mean of two readings was used in analysis.
Definitions
Following 1993 WHO guidelines, we defined hypertension as a BP у160/95 mm Hg. Obesity was defined as a BMI (body mass index ϭ weight/height 
Statistical analysis
Data were analysed using the Stata package version 6.0 (Stata Corporation, TX, USA). Participants were analysed as belonging to one or other of the two groups of BP distribution. The 1996 data were also re-analysed in a similar way, comparing two groups of participants. The Student's t-test was used to assess statistical significance of differences between means, proportions were compared using chi-square testing. Significance was assigned by a two-sided alpha level of 0.05. The degree of variability within this population was assessed by calculating k, the coefficient of variation between communities. 16 Adjustment for continuous variables was made using multiple linear regression. Adjusted odds ratios (OR) were calculated using logistic regression models for complex survey design.
The study was approved by the Gambia Government/Medical Research Council Joint Ethics Committee. All participants gave informed consent prior to participation.
Results
The population
The general characteristics of the participants in both groups of villages are shown in Table 1 , which also compares the profiles of the 1996 and the 1998 studies in the same communities. Participation rate in 1996 was 94.9%, and 83.5% in 1998 (84.7% in high and 82.8% in low prevalence communities).
Journal of Human Hypertension
There were no major ethnic or socioeconomic differences between the two groups. Of the 6048 participants in 1996, 157 (2.6%) also participated in 1998. In the follow-up study, the mean age was about 4 years older in both groups (P Ͻ 0.001). There was a larger proportion of people occupied in manual non-skilled occupations, and the ethnic composition showed some differences. A total of 795 (31.3%) of participants belonged to a 'complete' household, where all adults were sampled.
Hypertension
Mean recorded BP decreased linearly over the three measurements: from 128.1/78.9 to 125.8/77.0 to 123.0/74.9. Twenty people with BP Ͻ160/95 mm Hg reported that they were currently taking antihypertensives. We identified 157/2538 (6.2%) people who participated in the first survey; 11/157 (7.0%) of them were hypertensive on both occasions, six (3.8%) had a normal reading in 1996 and were hypertensive in 1998, none were hypertensive in 1996 and had normal readings in 1998.
As in the previous study, we observed significant geographical variation in the BP distribution. Table  2 summarises BP related data for both groups of communities, comparing the 1996 and 1998 data; Figure 2 shows the BP distribution for both groups of communities. As in 1996, no significant difference emerged in mean systolic or diastolic BP between the two groups of communities, but the prevalence of hypertension remained significantly higher in the group of original high prevalence communities. More people were diagnosed as having hypertension in the 'low prevalence' communities in the follow-up study compared to the first survey (P ϭ 0.04); there were no significant changes in prevalence of hypertension in the 'high prevalence' communities. Figure 3 reflects the prevalence of hypertension per village in each study; the high prevalence communities being the first nine communities, the control communities the final 18. The observed coefficient of variation, k, was 0.297. Residence in the group of high prevalence communities was a significant independent risk factor for being hypertensive (OR 1.7, 95% CI 1.3-2.2), in 1996 this was 2.3 (95% CI 1.8-3.0). Other independent risk factors for hypertension, apart from residing in a 'high prevalence' village, which emerged in multiple logistic regression, were age above 35, lack of any formal education and obesity (Table 3) . Sex, ethnic group, occupation, family history of hypertension and residence were also adjusted for but were not significant independent risk factors. We repeated the regression analysis using a BP у140/90 mm Hg as a cut off. Similar risk factors emerged, but no increased independent risk was found for the 'high prevalence' villages.
No higher prevalence of hypertension was observed in 'complete' households where all adults were invited to participate. Table 4 illustrates the absence of aggregation of hypertension within households. 22 There was no significant difference between the two groups of communities in the proportion of people reporting a family history of hypertension. After adjustment was made for age and education, the risk of having a deceased parent was independently associated with belonging to the group of 'high prevalence' communities (OR ϭ 1.2, P ϭ 0.05).
Journal of Human Hypertension
People with hypertension in either group of communities were significantly more likely to have a deceased parent (age adjusted OR ϭ 1.8, P Ͻ 0.01 for a deceased father, OR ϭ 1.5, P ϭ 0.04 for a deceased mother). After adjustment was made for age and education, the risk of having a deceased parent was independently associated with hypertension (OR ϭ 1.6, P ϭ 0.05).
Obesity
There were no significant differences between the two groups of communities in BMI or in skinfold measurements, when these data were analysed separately by sex (Table 5) . Neither in 1998 nor in 1996 was the prevalence of obesity higher in the 'high prevalence' (hypertension) communities compared to the control communities (Table 3) . Obesity was more prevalent among people with hypertension. Central obesity was also more often found among people with hypertension. There was a significantly larger proportion of overweight people with a waist/hip ratio in the upper quartile of their sexspecific distribution among hypertensives (55.9%) compared to non-hypertensives (32.8%; P Ͻ 0.001). Their mean supra-iliac skinfold was also thicker (10.8 mm in hypertensives, 9.4 mm in normotensives, P Ͻ 0.001). However, markers of central obesity did not differ between the two groups of communities. 
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Discussion
The main finding of our study has been the confirmation of the high degree of geographical variation in prevalence of hypertension that was observed in a previous study. 4 Other studies from sSA have observed variation in prevalence of hypertension between urban and rural communities, but our studies show such variation also exists within rural communities, as seven out of the nine 'high prevalence' and 10 out of the 18 'low prevalence' communities were rural. From a public health, preventive point of view, modification of risk factors at population level is likely to be the most cost-effective approach with the highest impact on morbidity. In view of the emerging epidemic of hypertension and other cardiovascular risk factors in sSA, there is an urgent need for CRTs to evaluate the effectiveness of population prevention strategies, such as health edu- cation campaigns and dietary manipulations to combat hypertension and obesity. 23 Data on geographical variation in the absence of an intervention provide essential information for the design and analysis of CRTs to determine the sample size required to estimate prevalence and to estimate effect of interventions with a given level of precision. 16, 17, 22 The increase in sample size needed to allow for a CRT design depends on the extent of between community variation as measured by k; a rough guideline suggests that k is often 0.25 or below and seldom exceeds 0.5 for most health outcomes. 16 In view of the scarcity of resources in The Gambia, as in most sSA countries, activities aimed at control of hypertension have to compete with many other pressing health needs. From a local control perspective, it might be essential to focus activities on highrisk groups. In previous studies we suggested that hypertension control interventions could concentrate on urban populations and on the families of hypertension patients. 24, 25 This study adds another perspective on which to focus control activities in areas with a high degree of geographical variation: initial rapid prevalence surveys could enable health officials to target control activities towards higher prevalence communities in their area.
The difference between the 'high prevalence' and 'low prevalence' communities is less marked than in the 1996 study, which could be attributable to (expected) regression to the mean. This means that future values of a response variable tend to be closer to the overall mean than might be expected from earlier predicted values. The hypertension prevalence in the 'low prevalence' communities in this study is more comparable to the 1996 nationwide estimate (9.5%), while the prevalence in the 'high prevalence' communities remains well above this estimate. Furthermore, the different protocols of BP measurement (in the 1998 study we took the average of two measurements, after an initial familiarisation measurement, versus a single measurement in 1996) could be expected to lead to lower mean BPs in the 1998 study. We recorded a lower mean BP on each subsequent measurement. A previous study in The Gambia showed that on the second and third reading, BP measurements were more reliable. 26 Apart from the geographical variation, identified independent risk factors for hypertension (age, obesity, lack of formal education) confirm observations in other studies. 2, 27 Of the many potential environmental factors involved, obesity is unlikely to be a main contributor to the observed geographical variation. Overall prevalence recorded was low in both studies, and similar in both groups of communities. The lower hypertension prevalence in 1998 compared to 1996 in the high prevalence areas in spite of a higher prevalence of obesity, as well as the higher prevalence of obesity in low prevalence hypertension communities, shows that there are other risk factors which interact with obesity to explain the variation in the prevalence of hypertension. Other factors which could impact on geographical variation as well are differences in treatment, access to care and survival.
This does not rule out a genetic contribution to this variation, as adult relatives may often live in the same community but not in the same household. As the genetic contribution to hypertension is usually polygenic, detailed genetic studies would be needed to determine the possibility that one or more specific genes are involved in all or some of these communities. 28, 29 These genes might have been selected to provide protection against common fatal childhood diseases such as malaria or pneumonia. The independent associations of hypertension with an increased risk of a deceased parent 30 and the borderline significant association with a family history of hypertension point to genetic factors in the aetiology of hypertension in this population. However, the prevalence of these risk factors (deceased parent and family history) was similar in both groups of communities, a finding which does not directly support a genetic explanation for the geographic variation.
To elucidate the aetiology of this confirmed geographic variation in BP distribution, detailed community studies are required. The absence of a higher prevalence of hypertension in the 'complete' households sampled (Table 4   22 ), suggests that implied risk factors act at community level, not at household level.
